Abstract. In this paper a nonlinear elliptic-parabolic system which arises in a two-dimensional groundwater flow problem is studied. Abstract results on evolution equations are employed to obtain existence and uniqueness results. Regularity and stability properties of the solution are also considered.
This system arises in the description of the movement of a fluid of variable density (u) through a porous medium under the influence of gravity and hydrodynamic dispersion. In 2 we set up the model and we discuss the physical background.
In a slightly different form, Problem (E), (P) was studied by Su [16] using classical partial differential equation (PDE) methods. In this paper we present an approach in the spirit of abstract evolution equations in Banach spaces. This turns out to be quite efficient because of the particular form of the problem.
We consider two cases of the model separately. In the first (approximate) case we take Dij 5i (5i is the Kronecker symbol). Then the system can be considered as a semilinear evolution equation. Clearly, there are many results on abstract semilinear evolution equations, and these results can be well applied to partial differential equations of parabolic type; see, e.g., Friedman [7] , Henry [9] , Pazy [12] , or von Wahl [19] . Here we choose one theorem from von Wahl [20] , which fits precisely to the abstract formulation of Problem (E), (P) with constant (D) . By this theorem we obtain the global existence of the solution in LP(Ft). This is done in 3. There we also study the regularity and asymptotic properties of the solution. We show that the solution is in fact a classical solution of (E), (P), and u converges to the mean value in sup-norm as t cx. A first draft of 3 was made by de Roo [13] .
In 4, we study the full problem, i.e., D is nonconstant and velocity dependent.
Then the abstract formulation leads to a quasilinear evolution equation. The abstract results on such equations are not as complete as the results on semilinear equations.
Moreover the application to partial differential equations is much harder. In this paper we use the framework of quasilinear evolution equations due to Amann [2] , see also Sobolevskii [15] . As a result, we obtain local existence of weak solutions in wl'p(f). This implies the Lipschitz continuity for fij and thus for Dj.
The purpose of this paper is to study the elliptic-parabolic system (E), (P 
Throughout this section we suppose that f is a bounded domain in R 2 with smooth boundary 0f.
In order to formulate problem (E), (P') into an abstract form, we need to introduce some operators and Banach spaces.
Throughout this paper all vector spaces are over R. If we use complex quantities (for example, in connection with spectral theory), it is always understood that we work with the natural complexifications (of spaces and operators). Thus by p(A), the resolvent set of a linear operator with domain D(A) and range R(A), we mean always the resolvent set of its complexifications.
Let p e (2, oc). By inverting (E) we obtain the operator (see the appendix)
given by
Then we define Epv--(-A)-101v.
for u E WI'P(fl). Furthermore Proof. This estimate follows directly from Proposition 3.5 by taking J(s) --Islq and from the fact that u C([0, T), X) for p < oo. We obtain the estimate (3.5) for p q oc by using a limit argument.
[:]
Using Theorem 3.1, Proposition 3.4, and Corollary 3.6, we obtain the following existence result for (CP). 1 By Gilbarg and Trudinger [8] this problem has a unique solution w e C2+(). A standard argument gives w(.) u(., to), hence u(., to) e C 2+ ().
(ii) This is a direct result of (i) and Ladyzenskaja et al. [10, Whm. 5.3] . ( iii) The regularity for v is a direct result of the Dirichlet problem (E).
Remark. If the boundary 0t is smooth, then the solution is smooth in t x (0, cx). We now consider the ymptotic behavior of the solution in the sup-norm. Proof. We put 4.1. The abstract setting. In this section we study Problem (E), (P). As in 3, we treat this system as an abstract evolution equation in a suitably chosen Banach space. In this part we collect some results on quasilinear evolution equations.
Let E (E0, El) be a pair of Banach spaces with E1 continuously and densely imbedded in E0. We denote by T/(E) the set of all A (E1,Eo) such that -A, The following fundamental theorem can be found in Amann [2] (see also Sobolevskii [15] ). [17] or Bergh and Lbfstrbm [6] [17] or Bergh and Lhfstrhm [6] 
